logical enhancement and sensory gratification. Future research 
needs to address and compare the possible mechanisms. Regardless 
of which mechanisms are operating, the relationship between stress 
and smoking undoubtedly reinforces habitual tobacco use and may 
contribute to initiation and relapse. 

Tobacco Use, Nicotine, and Body Weigh! 

Cigarette smokers weigh less than comparably aged nonsmokere, 
and many smokers who quit smoking gain weight (Grunberg 1986a; 
Rodin and Wack 1984; Wack and Rodin 1982). It has been suggested 
that some people smoke to prevent weight gain as the result of 
smoking cessation (Birch 1975; Charlton 1984b; Grunberg 1986a). 
Therefore, methods to control weight gain following cessation have 
been recommended (Birch 1975; Ducimeticre et at. 1978; Griustead 
1981; Grunberg and Bowen 1985a). How much weight gain actually 
occurs following smoking cessotion (Albanes et al. 1987; Bosse, 
Garvey, Costa I960; Rabkin 1984; Wack and Rodin 1982), the specific 
mechanisms (i.e., changes in dietary intuke, physical activity, and/or 
changes in resting metabolic rate) responsible for this weight gain 
(Grunberg 198Gb; Hofstetter et al. 1986), and whether weight gain (or 
fear of weight gain) affects either cessation or relapse efforts (Hall, 
Ginsberg, Jones 1986; Klesges and Klesges, in press; Kramer 1982) 
remain controversial. This Section reviews data relevant to the 
smoking/body weight relationship. 

The Relationship Between Smoking and Body Weight 

The relationship between smoking and body weigiit lias been 
extensively examined and reported for more than 100 years (Kitchen 
1889; Otis 1884). Human studies can be summarized into two broad 
areas: (1) cross-sectional evaluations that have compared the weights 
of smokers, nonsmokers, and in some cnse3, cx-smokcrs; and (2) 
longitudinal, wilhin-subject evaluations that have measured weight 
changes in smokers, ex-smokers, and nonsmokers over time. The 
cross-sectional evaluations reported since 1970 are tabulated in 
Table 2, and the longitudinal studies reported since 1970 are 
summarized in Table 3. Both tables present the reference and year, a 
brief description of the sample design, major findings, observed 
moderator variables (c.g., gender, number of cigarettes per day) for 
weight, and mnjor limitations of the study. Only studies published 


Of the 28 cross-sectional evaluations presented in Table 2, 2b (b9 
percent) reported that smokers weigh less than nonsmokers. An 
additional study (Sutherland et al. 1980) found this relationship for 
women but not for men and another study (Hjermann et al. 1976) 
found this relationship for older (45 to 49 years) but not younger (40 
to 44 years) men. Only one study did not report an inverse 
relationship between smoking and body weight, and that study 
examined visitors to a "health exhibit," a population that may be 
health conscious and predisposed to making positive health changes 
(Waller and Brooks 1972). This one discrepant study included a high 
percentage of cigar and pipe smokers (many of whom do not inhale). 
While it is difficult to summarize the cross-sectional studies because 
of differences in reporting techniques, it was found that smokers 
overall weighed an average of 7.13 lb (range: 2.36 to 14.99) less than 
nonsmokers. 

Because smoking and alcohol consumption are correlated, one 
Study (Williamson et al. 1987) examined, through multivariate 
methods, the effects of smoking and alcohol consumption on body 
weight. This study reported that alcohol consumption accounted for 
approximately 44 percent of the reduction in body weight in women 
who smoked compared with women who did not smoke. For men, 
staLisLicol adjustment for alcohol consumption did not alter the 
weight-lowering effect of smoking. 

Cigarette consumption, oge, and gender have been adequately 
evaluated to reach some conclusions regarding their impact on the 
relationship between amoking and body weight. The effect of 
cigarette consumption has been parametrically evaluated in eight 
studies. Six (Albanes et al. 1987; Hjermann 1976; Holcomb and Meigs 
1972; Jacobs and Gottenborg 1981; Khosla and Lowe 1971; Lincoln 
1970; Stephens and Pederson 1983) of the eight investigations (75 
percent) reported a curvilinear relationship. In all of these reports, 
nonsmokers had the greatest body weights; moderate smokers 
(typically 10 to 20 cigarettes/day) had the lowest body weights; and 
heavy smokers (typically >20 cigarettes/day) had body weights 
approaching that of nonsmokers. Two studies (Bjelke 1971; Kopczyn- 
ski 1972) reported no relationship between level of smoking and 
weight. 

The effect of age on the smoking/body weight relationship was 
examined in six Investigations. Five of six studies (86 percent) 
(Albanes et aL 1987; Bjelke 1971; Hjermann et al. 1976; Jacobs and 
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TABLE 2.—Continued 


Study 

Design and wmple 

Major multi 

Moderator variables 

limitations 

Gam et at. 
iisrsbi 

17,549 pregnant women, national 
health somv 

Smoking mothers prepregruncy 
weight lea than nonsmoking 
mothers difference: whites 2,43 
lb. blacks 143 lb 

SES and race; no 
smoking/weight relationship 
influence 

Pregnant women only; 
self-report* 

Carriwn *t aL 
(19831 

Framingham study participants; 

" aas«wd 1949-1942 . 

Konimoktrs 55** of highest 
weight group; smoken SO 4 ^ of 
lowest weight group 


Sample sire, weights 
not given; no statistical 
evaluation 

GoUibourt and 

Medalie 

(1977) 

10.059 mala government workers, 
aft d 40-65 

Current smokers 1/4 inch uller, 

2.45 lb lea then nonsmcker*; ex- 
tmckm in between; leaner 
ikinfolds for smokers than **• 
smokers and nonsmckers 


limited age rang*, 
employment group; 
smoking self-report 

Gyntelberg and 

Meyer 

(197ti 

5i49 employed man, aged 40-49, 
Denmark 

Nondrinking jmokers 14 
percentile points lighter than 
nondrinking norurookert; light 
dnnking smokers 19 percentile 
points lighter, heavy drinking 
smokers 5 9 percentile points 
lighter than drinking nonsmokera 


All-male sample, one 
ertyn smoking self* 
report 

Hjermann et aL 
< 197(1) 

Approximately 16 000 mala 
participants, aged -40—19. coronary’ 
riak. factor screening. Oslo 

Aged 45-49 smokers body weight 

309 lb tea than nonsmokera; 
aped 40—(4 difference not 
significant; no group 
weignt/heipnt 4 mcex onicrtnces 

Smoking rate: heavy smoker 

1 > 20/dayi body weights higher 
than lighter smoker 

Age: older smokers <45-49) 
wetgned (ess than nonsmoaera; 
younger smokers t40-14i no 
effect 

Smoking self-report; 
limited age range; one 
city; all men 



TABLE 2.—Continued 


Study 

Design and sample v 

Mayor results 

Moderator variables 

Limitation* 

Holcomb and 

Meigs 

(1972) 

225 manufacturing company male 
hourly employees, aged 55-59 

Mild to moderate smokers 14 lb 
lighter than never smokers, ex* 
smoker*. and heavy amokers 

Smoking rate; heavy smoker* 

(>1 pack/day) heavier than 
lighter smokers, equivalent to 
nonsmoker* 

Smoking self-report; 
limited age. income*; 
all men 

Huston and 

Stenson 

(1974) 

184 men, British Field Regiment 

$10 mm subacapular sktnfoU 
men averaged 22 rifartUaa/dajr; 
i 15 mm subacapular skinfold 
men averaged 12 cigaretie*/dajr 


Limited male sample, 
smoking self-report; no 
separate smoker/ 
norumoker data 

Jacobi, and 
Gottenborg 
ilSfll) 

3.291 white men and women, 
aged 20-49, no cardiovascular • 
disease or elevated risk factor*; 
randomly selected middle-ciaaa 
suburb census tract blacka 

Smokers lighter than never 
smokers and quitters 

* 

Smoking ritr. male moderate 
smekera (J4-29 cigarette*/day) 

6-29 lb lighter than nonamokers. 
2.65-9.93 lb lighter than light 
and heavy smokers; female 
moderate ^smoker* 5-07 Q> Ugbter 
than never smoker*, 1-54-8-33 b 
lighter than heavy smoker* 

Age moderate/never smoker 
weight difTerenc* increased with 
‘ft 

Smoking self-report; 
restricted population 

Khoii: and lo«e 
il971i 

10 482 male steel workers. Wales 

Per *erghl/height' index, 
smokers lighter than nonamokers 

Smoking rate; heavy smokers 
t>35 cigarettea/day) heavier 
than moderate smoker* (15-34« 

Agr group weight difference* 
increased after age 35 

Smoking self-report; 
restricted population 

Kittel ri aL 
<1978* 

1.254 male factory workers. 

Belgium 

Relative weight* significantly 
lower for cigarette smokers than 
never smoker*, ex-smoker*, and 
pipe/cigar smokers 


Limited population, 
riak factor Ra program 


Source: https://www.industrydocuments.ucsf.edu/docs/lndlOOOO 
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t TABLE 2.—Continued 


Stu<iy 

Design and ».»nipie 

Major results 

Moderator variable* 

Limitations 

Kopcxynski 

U9T2I 

3.049 random selectee*. 

pulmonary disease study, Poland 

Nonimokers heavies than 
smokers, except 20-year-old men 

Sex. age. smoking rate; no 
smoking.'weight relationship 
influence 

Smokimr self-report: 
weights not reported 

Unwin 

119701 

3.220 male household head*, aged 
41-70. ictdo United State* 

Smokers weighed 3-14 lb leu 
than nonsmoker* 

SES. smoker/nonsmoker weight 
difference increased aj income 
decreased 

Smoking rate: heavy smokers 

1*21 cigarette*/day> weighed 4 
lb more, modern* smokers 
(11-20 cigarettes/day) 4 lb leu 
than ail-smoker average 

Restricted population; 
men 

Mauuy* 

U9S2i 

90 telephone empio>ee*. Japan 

Ex-smokers weighed 5.29 lb more 
than nonimokers. light smokers 

2.57 lb leu. heavy smokers 0 44 
lb leu than ex-smckeri 


Small. 

nonrepresentatne 
sample; data self-report 

Nemery *t al. 
lli*63r 

210 sietiwerkers. aped 45-45. 

1 10 years’ service. Belgium 

Smokers weighed 12.13 lb leu 
than never smokers. 14.33 lb leu 
than ex-smokers 


Restricted population; 
smoking self-report 

Stamford ft it. 
(l9o4ai 

164 46 smokers. 10a nonsmokeni 
premenopausal women; 
smokers *20 cigarette*, day. *5 
years, inha.e 

Smoken weighed 1156 lb less, 
had lower average Quetelet lr.cex 
than nonsmoker* 


Small sample sue. 
premenopausal women 
only: data self-report 

Stamford et at 
U9£4bt 

259 adult men. fitness center 
screened. 

smokers; £20 cifirtut*/day, £5 
years, inhaje 

Smokers weighed 14 59 lb leu. 
had 12 r t leu body fat than 
nonunoker* 


Select iameie, 
exercising men. 
invoking self-report; 
heavy smokers 



TABLE 2.— 

Continued 




Study 

Design and umple 

Major mult* 

Moderator variable* 

Limitations 

Stephens and 
Pederson <19i3> 

15.515 persons aged >10; 
questionnaire. anthropometry 

Smokers weighed leu than 
nonimokers; female imckers 
weighed 1 32 lb more to 5.73 lb 
leu than female nowmoken; 
men weighed 305-7.7 lb leu; 
smokers averaged 3 445 lb leu 
than nonsmoker* 


White women self* 
report, smoking self* 
report; no statistical 
significance tuts 

Sutherland ct al. 

; 19601 

Random umple. 175 men and 
women, rural town. New Zealand 

Weight/height 1 index'and 
skinfoids significantly higher in 
nonsmoking than smoking 
women; higher for nonamoking 
men. but not significant 

Sec male smokers not 
significantly leaner than 
nonamoken. smoking women 
lighter than nonsmoking women 

Smoking self-report; 
small umple star 

Waller and Onsets 
4972) 

2.169 health exhibit visitors 

"Little weight difference" among 
current smokers, nonsmoker*. 
and ex-smokers 

\ \ 

Smoking self-report: 
bathroom scale weight; 
health-coned oug 
population; high 
cigar/pipe smokerr. no 
statistical evaluations 

Zeiner-H*nnk»eft 
' 1?"6- 

Approximately 15 000 ra.tdomly 
selected Nor^rg^tt* 

Current smokers awnge and 
relative weight lower than 
nofumokers or ei-amokers 


Smoking and weight 

self-report. 

questionnaire 


Source: https://www.industrydocuments.ucsf.edu/docs/lndlOOOO 
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TABLE 3.—Longitudinal evaluations of smoking and body weight 


Study 

Design and limp!* 

Major result* 

Moderator variables 

limitation* 

Bluzer et el. 

U977I ‘ 

57,032 women. igtd 20-39, seif- 
heIp lou (roup* 

\ ’ k 

Quuur* gained 7 0-IQ.2 lb rocr* 
thxrt continuing smoker* 

Smoking rate weight 
gain/prrriou* smoking rat* 
proportional 

Smoking and weight 

self-report*; all women 
trying to !o« weight 

Boss* n tl 

U930) 

\ 

l.li) adult mea, Normative 

Aging Study, uuwl ®v*r 5 

J rttit 

Avtragt 5-yeer gains: rirvrr 
smoker* ,1-Bl Ibc former tmakcrr 

L37 fa wrrm *mck*o 100 lb; 
n-K^km who. quit 134 lb 

Afr younger quitter* gained 

Adiposity; fatter quit tan pined 
more 

Tar ntr. higher pm«t tar rat* 
smoker* pined moet 

Anxiety*, high nlaud to higher 
pin 

Smoking *«lf-rrpcru; 
ail men; actual weight* 

not presented 

Burn ei aL 

U932J 

4 pud volunteer*; U-day 
basoline. 21 day quit period. 20- 
day resumption perv>i 

3 of I gained w*fgbc 1.95 lb 
increase during cnution; 1.?C ib 
lot* on mumution 


Very small umplt, 
paid volunteer!; abort* 
term evaluation 

Cambien «t jL 
U93U 

1.0S7 Paru civil servant*. aged. 

25-15. screened. randomly 
assigned. cardiovascular risk 
factor reduction intervention or 
control groups 2-yrr.r followup 
evaluation 

Treatment group quutert gained 

4.55 ib. control group quitter* 

7 50 ib; cxiaimoktn and n> 
dung* smoker* pined 154 lb to 
treatment group, 2.2 lb la control 


Smoking self-report: 
riik factor reduction 
program participanu 

Carney and 

Goldberg 

>1934- 

13 5 men. oged 23-57, 

imoked £20 cigarettes/day. *5 
yesrr. 12 mal« control*; 13 
imoken abstained 2 w**kj 

Quitter* weight change range: 

-3 09 to -9 0 lb 

Smoking rote-duration: no 
weight change reiationjhip 

Biological variable* weutht gam 
positively rttateU to lipoprotein 
lipai* activity in adipose tissue 

Smoking self-report: 
control* welch: 
changes not reported; 
snort-term evaluation 


TABLE 3.- 

-Continued 




Study 

Design and tamp!* v 

Major resulu 

Moderator variables 

Limitations 

Coate* and U 
9S3i 

37} male asbe*t3*-«xpoa*d 
smoker*, agtd £42; S7whit*, 
mean education 12-3 year*; 12 
months .uaetsmrnt after cessation 
tfTort 

Continuous quitters gained 3.15 
lb; concinucu* tmokea gained 

0.33 lb 


Smoking self-report; ail 
male, nonrandom 

sample 

Comjtock and 
Stone 

U9T2) 

502 male telephone workers, aged 
* • *40—59. mostly white; 2 
assessment* 5 years tperc 

5-yeir followup average gain* 
never smokers 2.43 lb, ex* 
smoker* 507 lb. continuing 
smokers 2*42 lb; quitters 1124 lb 
and showed greatest iktnfcld 
increases 

Smoking rate: inertaaing quitter 
weight gain with heavhtr prtquit 
smoking 

Smoking self-report: 
men only 

Dallosso and 
James 

I19&41 

18 i9 men. 5 women) antscnoki&g 
clinic participants; mean age, 
men 47.1. women 33.4. assessed 
before and S w«ks after clinic 

10 quitters gained 3.00 lb; 3 
continuing smokers lost Q.99 Is 


Small sample sue: 
smokmg self-report: 
limned foliowup 

Emont and 
Cummings 

U937> 

125 scep-emoking clinic 
participanu; pretrtatment and t- 
month followup assessment* 

76K quitters and slippers 1^5 
ci{tarettes/d*y> averaged 5 3 lb 
gam 

Nicotine gum: glut-'gum u*« 
reliable negative correlation for 
heavn- jmokerc gam not related 
to ap. sex. marital status. 
bx*e!in* body weight 

Weight gam. smoking 
seif-report, confounded 
by gum use: limited 
followup: incomplete 

data 

■ Fagerstrom 
•1987. 

28 nicotine gum user*; abetment 
at 6 months 

Infrequent gum users pined 6.33 

Ib. frequent users 1.93 ib 

Nicotine gum. frequent users 
pined leas weight 

Small sample sue: 
measures unclear 

Friedman and 

Siegtlaub 

tl9S0» 

Multtphaaic health checkup 
potienu. imoked. then quit 12-15 
month* later (N*» 3.825? or 
continued iN «9 392) 

Quitter* gained 2-3 lb mar* than 
continuing tmoker* 

Smoking rate, higher initial 
smoking rate related to greater 
weight gam after cessation 

Smoking self-report: 
whites only daU 


a 


i 


i 
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TABLE 3.—Continued 


Study 

Design and sample 

Major rr»uhj 

Modtrotor variable* 

Limitations 

Cam et ii. 

(19T8br 

6.979 *citiw followed through 
^2 pregnancies 

Higher prtpregnaney veighti for 
habitual noasmoken than 
habitual smokers: white* 3.4 Ib, 
block* 4.1 lb; lower habitual . 
smoker gain* between 
pregnancies fot both race* 

Race; no weight/smoking 
relationship influence 

Smoking self-reports; 
restncted population 

Ganey n aJ. 

11974) 

870 white male veteran*. agii^ 
uudy, asMssed 4-7 yein after 
initial *j***avtnt 

Smoking/weight change 
significantly related; recent 
quitter* ($5 years! gained 4,19 ib 
more than smokers, nonjmoken, 
former smokers 

Agr 40-54 quitter weight 
increase grata* 

Smoking seif-rtpon; 
exact quit data 
unknown 

Chu-ar et *1. 

U97Q) 

7 male smoker*. cessation 
program; umwl preprogram, 1 
month pent program 

At 1-month followup, participant* 

gained 6 4 lb 


Smoking self-report; 
exact quit date 
unknown 

Cordon et »1, 

<197M 

4.79S Framingham study 
participant*: 1,498 male smoker*. 

492 male norumokert. 1.604 
female noftiwokers. 1.174 female 
smoker*; examined short-term 
changes after biennial exam 1. 
long-term effects between 
biennial exam* 4. 10 

At entry, male smoker* weighed 

8.0 Ib lea than nonsmokerr. 
short-term malt quitter* gained 

3.8 )b. nonamoker* 0.5 ib. 
continuing tmokers 0.3 lb, new 
tmcken ic»t 9 ib; too few female 
quitter* to evaluate 


Smoking self-reporu 
charge analysis men 
only 

Gcrmicor. ei si. 
ti9ijQ« 

301 pregnancy cb»tf$nc* word*, 
women, aged 17-36 

Smoker, nommoker prepregnancy 
weight similar. no last 2 
tnmwter weight gain difference 
(oorumokerx 24.6 ib. smoker* 22.6 
lb) 


C1;mc record cats; 
pregnancy weight gain 
data only 



TABLE 3.—Continued 


Study 

Design and ample 

Major mult* 

Moderator vamble* 

Limitations 

Cnnstead 

(iSSli 

45 subjects '35 women. 7 men), 
average age 40. evaluated 6 

months after cessation treatment; 
aJjva thiocyanate verification 

Dunng program. 60S- subjects 
averaged 2S8 tb increase. 34* 

averaged 245 ib decrease; at 

followup. 37* averaged 6-97 lb 
gain. 43* svrraged 327 lb to* 


Questionnaire, phone 
interview data 

Gnu et al. 
in prcxu 

654 self-quitur* (2*5 men. 309 
women), mean ag* 414. 85^ 
Caucasian. 9^V block. 4* Asian, 

\% Asian-American, 1% N*Uv* 
American; l-year followup 

35* prrnooa qwkur* gained. id¬ 
lest at 1 year, obetainer* 
everoged 4.1 Ib gain; triapoer* 
gained 171 lb while abetment, 
loot 14 lb upon relapse, 
continuous smokm gamed 0.3 fb 


Questionnaire, phone 
interview dan 

CrcaaartivMauork 
et al. 

119831 

1AS3 subject*. Yugoslavian 
village of 14.000 every 2d 
household oldest member, 
evaluated 1 >63-1964. 1969 

Smoking rtduction/wtight 
increase relitwrohtp tnrgrwtioa 
coefficient -0401 


Smoking self-report;* 
weight*, weight 
change* not reported 

Gunn and 

Shapiro 

89 cessation dink participant*; 
all quit at initial evaluation; J- 
month followup tiwument 

*3 of 54 lSC*c) qui»er* pained 

2-30 lb 


Socking, height 
weight self-report 
inadequate statistical 
evaluation 

Hall et at. 

U9S6>’ 

253 smoker participant* <122 
men. 533 women t ? smoking 
treatment trula 12-month 

followup*; biochemical verification 

Abstainer* gained more than 
smoker* at 1 jaar 

Smoking rate: pretest smoking 
level.'poetreiutioo »eighf gain 
positively related* 

Chronic dieting: chronic diet 
subjects gained mast 

Multiple Rx t«,g„ 
nicotine gum 
participant data 
included 

HatsuLsmi rt at. 
t)98a> 

27 smoker* hospitalised 7 days; 

20 subject* socked 3 day*, then 
quit 4 days; 7 control group 
subjects imeked throughout 

Quitter* gained 1.76 Ib tn 4 day* 


Small sample sue; 
inpatient environ men 1 
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TABLE <%-< 


ontinued 


Study . * - 

‘ " design and samp!* k 

Haworth tt uL r - w . _ 

• wonvcrj (234 notumcker*. 302 
*«*skcni int4rv;r»*d \tu 

mit (tb%) or withia 
-——- ‘^y >fUf delivary 


Moderator variables 


Hickey and 

Mulcahy 

(1973) 


Holme tt el 
11935) 


Hushed and 
Huccnmson 
U9c3t 


•M mm U24 t TKkm. t S^dv. 
* , J re * f foilowvpn after myocardial 
Infarctkw 


lOJDZ Cito men, aged 40-49. 
^nrsmir.f pro*rim; 1.232 

^twmcd cholesterol or upper 
•grille coronary nak score) 
rnminmly auigned dietfamoking 
‘'drrvention or control; 5-yeer 
It'lbnwup 

U2l m#(V 

15. to 20-yter weight pin 
•*«nmtnationi 


• » smoker* a.n<i U ex-smoker* 
* ,,| ‘ Pulmonary- emphysema 
. f || ll.iwvd a 3 year* 


No amaker/noasmoker pregnancy 
weight gain di/TVr»r,c* 


Quitter, reducer, continuing 
tmokec difference* not ligniflcaat 


17% control*. 24% intervention 
quit; 1* to Z-year-quiUer weight 
inerte*ed more then control*, 
then deertaaed to below prequit 
level 


Light smeken ( <20 
riprtUea/dayi pir.ed 1.9 lb leu 
then heavy jmokara 3.1 lb leu 
then ex-smokers. 3 3 lb leu than 
never smoker* 

Smoker* lewt 0 32 Ibr>*r. ex* 
*mok«r» pined 1.17 tb/yr, 
significant difference 


Smoking ratr lower rate related 
to leu weight pm 


Smoking ulfreport; 
prrgruncy weight pin 
dan only 

Smoking veif-report; 
poatmyocardiai 
infarction may 
motivate healthy 
behavior 

Smoking lelf-reporu 
confounded by high 
cardiovaacuLar disease 
risk health 
intervention; weight* 
not reported 

Recroepectiv* report 


Smoking ulf-rtport: 
pulmonary emphysema 
population 




TABLE 3.—Continued 


Jenkina tt a). 

U9T3J 


Lund-Lanen and 

Trctli 

U992i 


Manley and 

Boland 

(I9d3i 


Design and wmple 

2,318 men (MS never smoker*. 

359 pnmou* quitter*, M7 light 
’ smoker*. 833 heavy jmokertk 
aged 33-49. U California 
corpe ration* ia Western 
ColUbontur* Group Study; 
change* aeecsitd einct eg* ^ 
19 6TM939 study 

175 subject*. commercial 
equation program <41 
non participant! or nonlocated, 59 
quitter*. 75 continuing nooker*) 

^2 1-year follovrup _ 

12.329 men and women. a«*d 
20-19, cardiovaacular disease 
project; 2 seneninp 3 year* 
apart 


39 male. 55 female smoker*, 
erseauen program; randomly 
auigned. I of 3 4*week 
treetraenu or ettenuon placebo 
control; J-month followup; CO 
verification ______ 


Major result* 

Weight toe* more likely for litfht 
and heavy tracker* than never 
smoker* and quitter* 


75% noajmokerv 56% iraoker* 
pined weight; the** smoker* 
mean gain 1.7 lb, the** 

Dcntmoker* mean pin 3.0 lb 

Smoker* mean and relative 
weight leu than nccamoker*; 
feme!* quit tar* gained 5 95 lb. 
male quitter* 7.34 lb; smoking* 
starter men loat 1,94 lb. women 
5.5 lb; smoker* and nommoker* 
little /no change __. 

31% abstinent at followup: 
abstainer* averaged 10*93 lb gain, 
relapeen fi 92 lb 


Smoking self-rtpoci; 
weighu not presented 


Ml data m If're port, 
high attrition, dau 
iotc presenution 
incomplete 


Sec men. women weight 
change/smoking cwaation and 
initiation similar 


Kelapeer definition 
unclear 


Source: Frflps"://www.industrydocumerits.ucsf.edu/docs/lndl0000 
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Design and sample 


Moderator variable* 


Noppa »nd 
Btnguacn 
U9$0i 


Powell and 

McCann 

U9dt» 

Puddey et *L 

U9&5* 


1J02 Swedish women. aged JS-60 


222 wpptr-cUa* male quitter*; 
folloirup ^ 1 year after first visit 


29 women. 22 men. 5<hy 
cessation project; 2- and 6-month 
followup 

66 cwaation program volunteer*, 
pair matched by a(tt. tti. body 
wit index; randomly assigned 
expcrimenul, control group*; 2- 
week baseline, 6-week treatmenL * 
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12.065 pregnant women, fl- 
Hnland. 1966, 15C« smoker* 
(smoked after 2 montha 
pregnant* nonenokmg control* 
matched foe age. parity, place of 
midence. marital sum* 
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upper 10-15* coronary n*k 
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followup 3 annual vuit* 
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average *g* 45. Normative Aging 
Studjr. screened for "high" health 
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screened at 5 year* 
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significant body weight decreaa# 
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heavier than current smokers; at 
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dau only 
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pregnancy weight pm 
dau only 


Smoking self-report: 
confounded by nak 
factor reduction N 
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restricted population 


White veterans: 
smoking self-report 
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Gotlenborg 1981; Khosla and. Lowe 1971) documented increasing 
weight differences between smokers and nonsmokers with advancing 
age. Typically, aging smokers failed to gain as much weight as aging 
nonsmokera. 

Three evaluations systematically compared males with females 
(Bjelke 1971; Kopczynski 1972; Sutherland et ai. 1980). Two of the 
three (Bjelke 1971; Sutherland et al. 1980) reported the differences in 
body weight between smokers and nonsmokers to be greater in 
females than in males. 

Longitudinal Evaluations of Smoking and Body Weight 

Table 3 presents the results of 43 longitudinal evaluations of the 
effects of smoking on body weight. Consistent with the cross-section* 
a I evaluations, the overwhelming majority (86 percent, 37 of 43) 
present evidence that smokers who quit smoking gain weight, that 
people who quit smoking gain more weight than nonsmokers, and 
that people who initiate smoking lose weight relative to nonsmokers. 
Of the six studies that did not find these relationships, three limited 
their examination to smoking and weight changes in pregnant 
women (Gormican, Valentine, Setter 1980; Haworth et al. 1980; 
Kantakallio and Hartikainen-Sorri 1981), two relied on participants 
making broad cardiovascular risk factor reduction efforts in subjects 
at high risk for cardiovascular disease (Hickey and Mulcahy 1973; 
Holme et al. 1985), and the remaining study supplied incomplete 
reports of the data (Kramer 1982). Of those studies on the effects of 
smoking cessation on weight, the length of followup ranged from 4 
days to 7 years. According to these investigations, those who quit 
smoking gained an average of 6.16 lb (range: 1.76 to 18.07) during the 
year after cessation. 

Daily cigarette consumption was the only moderator variable that 
received sufficient attention in this group of studies reaching specific 
conclusions. Seven of nine studies (78 percent) (Blitzer, Rimm, Gicfcr 
1977; Bosse, Garvey, Costa 1980; Comstock and Stone 1972; Fried¬ 
man and Siegelaub 1980; Hall, Ginsberg, Jones 1986; Howell 1971; 
Rush 1974) reported a positive relationship between cigarette 
consumption and weight change; that is, as pretest cigarette 
consumption increased, postcessation weight gains also Increased. 
Two studies (Carney and Goldberg 1984; Robkin 1984) did not find a 
relationship between cigarette consumption and postcessation 
weight gain. 

In summary, there is substantial evidence of an inverse relation* 
ship between cigarette smoking and body weight. Of 71 studies 
reported since 1970, 62 (87 percent) collectively indicate that 
smokers weigh less than nonsmokers and that people who quit 
smoking gain weight. Older smokers, females, and those smoking 
approximately one pack of cigarettes/day may experience the 
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largest weight control effects of cigarette smoking. Smokers who 
smoke heavily lend to gain the most weight following smoking 
cessation. These generalizations are consistent with reviews based on 
other studies reported since 1880 (Grunberg 1986a). Nut all smokers 
who quit smoking gain weight. Further, for cx-smokers who do gain 
weight, the amount of weight infrequently poses a serious health 
risk. 

The Role of Nicotine 

Animal studies indicate that nicotine administration results in 
weight loss or decreased weight gains and that cessution of nicotine 
results in body weight gains greater than those of controls (Bowen, 
Eury, Grunberg 1986; Grunberg 1982, 1985, 1986b; Grunberg, 
Bowen, Morse 1984; Grunberg, Bowen, Winders 1986; Grunberg, 
Winders, Popp 1987; McNnir and Bryson 1983; Morgan und Ellison 
1987; Schechter and Cook 1976; Woger-Srdur et al. 1984; Wellman et 
al. 1986). Most of these studies report inverse dose-response relation¬ 
ships between nicotine and body weight. 

Recent research on nicotine polacrilex gum with humans corrobo¬ 
rates the role of nicotine in body weight effects. Fagerstrom (1987) 
reported that subjects who quit smoking were much less likely to 
gain weight when they consistently used nicotine polacrilex gum. 
Abstinent subjects who regularly used the gum gained less than 2 lb 
at a G-month followup. In contrast, the infrequent gum users gained 
almost 7 lb (p<0.05). Emont and Cummings (1987) reported a 
significant negative relationship (r=-0.37) between the number of 
pieces of nicotine polacrilex gum chewed per day and weight gain for 
heavy smokers (>26 cigarettes/day). No such relationship between 
gum use and weight gain was observed for lighter smokers (<26 
cigarettes/day). f 

Mechanisms Underlying The Relationship Between 
Smoking and Body Weight 

The inverse relationship between smoking and body weight may 
result from changes in energy intake, chunge 3 in energy expendi¬ 
ture, or both. Energy intake involves dietary intake. Energy 
expenditure is affected by behavioral factors (physical activity) and 
biological factors (e.g., metabolism). These potential mechanisms are 
examined below. 

Dietary Intake 

Several prospective investigations have evaluated dietary intake 
changes following smoking cessution in humans. Ilulsuknmi and 
coworkers (1984) hospitalized 27 smokers for day period. After a 
3-dny baseline, 20 of the subjects were deprivea of smoking for 4 days 


while the remaining 7 served as a control group. During this 4-day 
period of abstinence, caloric intake increased significantly (from 
1,397 to 1,651 kcal), which corresponded with a significant 1.764b 
incrcusc in weight. In the most comprehensive study to dale, 
Stamford and coworkers (1986) evaluated changes in dietary intake, 
physical activity, and resting metabolic rate in 13 sedentary females 
who quit smoking for a 48-day period. Following smoking cessation, 
mean daily caloric consumption increased by 227 kcal, which 
accounted for 69 percent of the variance in postcessation weight gain 
(4.85 lb). Robinson and York (1986) followed 11 smokers who quit for 
7 days. Mean dietary intake significantly increased, but changes in 
resting metabolic rate were not observed. Dallosso and James (1984) 
followed 10 subjects for 6 weeks after they participated in a atop- 
smoking clinic. There was a 4-percent drop in resting metabolic rate 
in smokers who quit, a drop which woa reliable when the data were 
expressed per kilogram of body weight. The average dietary intake 
increased by 6.5 percent, but this difference did not reach statistical 
Significance- 

Preliminary results of a recent investigation indicate gender 
differences in the effects of short-term smoking cessation on body 
weight and food intake (Klesges, Meyers etal. 1987). Female smokers 
who quit for 1 week increased their body weight and dietary intake 
significantly more than male smokers who quit. This sex difference 
is consistent with animal studies (Grunberg, Bowen, Winders 1986; 
Grunberg, Winders, Popp 1987). Given females* marked concerns 
regarding postcessation weight gain (Klesges and Klesges, in press), 
future studies will need to investigate possible gender differences in 
response to smoking cessation. 

Several studies indicate that smokers may differ from nonsmokers 
in their intake of sweet-tasting simple carbohydrates (sugar) in 
particular. In a human laboratory study, Grunberg (1982) observed 
that smokers who were allowed to smoke ate less sweet food than 
smokers who were not allowed to smoke or nonsmokers. Smokers not 
allowed to smoke also reported the greatest preference for sweet 
foods. There were no differences among the three subject groups in 
consumption of other types of foods. Rodin (1987) conducted a 
prospective study in which food intake after smoking cessation was 
carefully evaluated. Smokers who gained weight after quitting 
smoking increased their sugar consumption in particular. Further, 
smokers increase consumption of sweet snack foods when they are 
deprived of cigarette smoking (Duffy and Hull, in press; Perlick 
1977). On the other hand, two early investigations (Bennett, Doll, 
Howell 1970; Richardson 1972) found higher sugar consumption in 
smokers relative to nonsmokers. However, Richardson (1972) found 
that this difference was because or low-sugar intake in ex-smokers, 
while Bcnnc Doll, and Howell (1970) argued that the differences 
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were largely due lo increased added sugar intake because of hot 
beverage consumption. These two studies, which are inconsistent 
with the more recent studies, did not carefully measure all food 
intake and did not assess intentional changes in food intake to 
control body weight. 

Several animal experiments have documented that food intake 
decreases during nicotine administration and increases after admin¬ 
istration has ceased and that these changes in food intake corre¬ 
spond with changes in body weight (Bowen, Eury, Grunberg 1986; 
Grunberg 1982; Grunberg, Bowen, Winders 1986; Levin el nl. 1987; 
McNair and Bryson 1983; Wager-Srdar et at. 1984). Consumption of 
sweet foods by male rats is particulary affected by nicotine (Grun- 
^ berg 1982; Grunberg et at. 1985). However, nicotine also reduces 
bland food intake in female rats and has a greater effect on body 
weight of female rots than of male rnts (Grunberg, Winders, Popp 
1987; Grunberg, Bowen, Winders 1986; Levin et nl. 1987). 

Several investigations have reported that changes in body weight 
in animals also occur without observing decreases in food intake as 
the result of nicotine administration (Grunberg, Bowen, Morse 1984; 
Schechter and Cook 1976; Wellman et al. 1986). In one investigation, 
chronic exposure to cigarette smoke reduced body weight and food 
intake in rats; however, hamsters exposed to cigarette smoke 
decreased body weight without reducing Food intake (Wngcr-Srdar et 
at. 1984). Several methodological factors complicate these results, 
including the use of different strains of animals, different routes of 
administration and dosages of nicotine, and whether acute versus 
chronic effects of nicotine were reported. However, these results 
indicate that more than the mechanism of food intake was involved 
in producing nicotine- and smoking-related weight changes. 

Data from short-term human studies and several animal experi¬ 
ments indicate that dietary intake is involved f with smoking-related 
energy imbalance. Based on self-reported cross-sectional surveys, it 
has been reported that smokers’ dietary intake is the same as 
(Albanes et nl. 1987; Fehily, Phillips, Yarncll 1984; Fisher and 
Gordon 1985; Matsuya 1982) or significantly higher Ilian (Picone et 
al. 1982; Stamford et at. 1984a,b) that of nonsmokers while the 
smokers simultaneously maintained a lower body weight. Assuming 
that smokers are not consistently biased in their reports of dietary 
intake, it appears that either differences in physical activity or 
metabolic rate ore maintaining the body weight differences between 
smokers and nonsmokers. 1 

Physical Activiiy 

The data available from cross-sectional investigations, short-term 
prospective studies, and animal investigations seem to indicate that 
changes in physicn! nctivity do not play a role in either differences in 


body weight between smokers and nonsmokers or the weight gain 
associated with smoking cessation. Some cross-scctional investiga¬ 
tions have found that smokers have lower levels of physical activity 
compared with nonsmokers (Kannas 1981). Others have not found 
differences in physical activity and physical fitness between smokers 
and nonsmokers (Gyntelberg and Meyer 1974; Stamford et at. 1984b; 
Stephens and Pederson 1983). A recent review (Blair, Jacobs, Powell 

1985) that addressed the relationships among exercise, physical 
activity, and smoking concluded that smoking and physical activity 
are negatively associated; however, the relationship was extremely 
weak and variable. 

Animal studies on the relationship between nicotine and physical 
activity have generally found that physical activity plays a small 
role or fails to correspond to decreases in weight during nicotine 
administration (Bowen, Eury, Grunberg 1986; Cronan, Conrad, 
Bryson 1985; Grunberg and Bowen 1985b). One^ study found that 
decreases in physical activity after cessation of nicotine appeared to 
contribute to postdrug body weight increases (Grunberg and Bowen 
1985b), but this effect was quite small and occurred only in males. 

A few prospective human investigations have evaluated physical 
activity changes following smoking cessation (Uotsukami et al. 1984; 
Ilofstetter et al. 1986; Klesges, Brown et al. 1987; Rodin 1987; 
Stamford ct al. 1986). These investigations found no changes in 
physical activity as a result of smoking cessation. 

Metabolic Rate 

Metabolic rate is an important consideration in energy imbalances 
associated with smoking cessation because approximately 75 percent 
of total energy expenditure is in the form of metabolism (Bernstein 
et al. 1983; Uavussin et at. 1982). Metabolism increases as the result 
of acute nicotine administration and immediate effects of smoking 
(Ghanem 1973; Ilebekk, Miller, Mjos 1975; Robinson and York 1986; 
Schievelbein et al. 1978; Wennmalm 1982). The major question, 
however. Is whether these effects persist long enough to have a direct 
impact on body weight. Given that (1) smokers do not have higher 
levels of physical activity compared with nonsmokers (Blair, Jacobs, 
Powell 1985), (2) some studies report smokers’ dietary intakes are the 
some as or higher than those of nonsmokers (Picone et al. 1982; 
Stumford et at. 1984n,b), and (3) smokers maintain lower body 
weights than nonsmokers, it is reasonable to postulate that changes 
in metabolism contribute to the relationship between smoking and 
body weight. Additionally, there are several reports in the literature 
on animals that have documented nicotine-induced reductions in 
body weight without a concomitant reduction in food intake (Grun¬ 
berg, Bowen, Morse 1984; Schechter and Cook 1976; Wellman et al. 

1986) . 
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Direct evidence supporting a chronic metabolic mechanism that 
modulates the smoking/body weight relationship is beginning to 
emerge. Metabolic rate was chronically meusured in a study of rut 
and hamster exposure to cigarette smoke (Wuger-Srdm vi al. 1384). 
Higher resting metabolic rates were observed on only one of the test 
days compared with the pretest in the rat investigation, while no 
significant differences were observed in the hunisler sLudy. AnoLher 
recent investigation (Wellman el al. 1986) evaluated brown adipose 
Lissue lUAT) thermogenesis at different levels of nicotine and 
caffeine injections. No differences in BAT thermogencsis were 
observed in response to either nicotine or caffeine. The group that 
received a combination of caffeine and nicotine showed a 63 percent 
increase in BAT thermogenesis. 

The few studies that have evaluated metabolic rale changes in 
response to smoking cessation in humans have produced inconclu¬ 
sive results. Three investigations found metabolic changes after 
cessation in human smokers. An early report (Glauser ct al. 1970) 
found decreases in oxygen consumption for seven mule subjects who 
quit smoking for 1 month (neither food intake nor physical activity 
was monitored). A more recent investigation found a 4-porcent drop 
in metabolic rate (reliable when data were expressed per kilogram of 
body weight) and no significant increase in dietary intake for 10 
subjects who quit smoking for 6 weeks (Dallosso and James 1984). In 
the only study that used a respiration chamber, Hofstclter and 
olhers (1986) reported that total energy expenditure was 10 percent 
higher during a 24-hr period of smoking versus a 24-hr period of 
abstinence in eight smokers. No changes were observed in physical 
activity or mean basal (sleeping) metabolic rate (dietary intake was 
held constant). However, this difference in energy expenditure 
disappeared after 24 hr. 

Three investigations did not find a change in metabolic rate as the 
result of smoking cessation. Burse and associates (1982. 1975) did not 
observe changes in reeling metabolism in a sample of four smokers 
who quit for 3 weeks. This investigation did find reliable increases in 
desire for food, however. In another study, 11 smokers were studied 
after a 7-day period of smoking abstinence (Robinson and York 1986). 
Total energy expenditure following a meal did not change during the 
cessation period. Stamford and colleagues (1986) failed to find 
changes in oxygen consumption in 13 subjects who quit smoking for 
48 days. This investigation did find marked dietary intake changes 
that accounted for 69 percent of the variance of postccssution weight 
gain. 

There are several possible explanations for the inconsistency 
observed in the literature on metabolic rale. Different investigators 
have used different criteria (e.g., resting oxygen consumption, BAT 
thermogencsis) for operationalizing metabolism. It is ijossible that 
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previous dieting history (Brownell et al. 1986) and the use of nicotine 
polucrilex gum (Fagerstrom 1987) may directly impact the metabolic 
response to smoking cessation. IL i3 not clear what the metabolic 
response to nicotine with added agents is likely to be. For example, 
one study found that while neither nicotine nor caffeine alone 
produced a change in BAT thermogencsis, the two combined 
increased thermogencsis by 63 percent (Wellman et ai. 1986). This 
finding is particularly interesting given that smokers may be more 
likely to drink caffeinated beverages than nonsmoker 3 (Blair et al. 
1980). Finally, the available literature on human studies used very 
small subject groups, making it impossible to detect subtle but 
potentially meaningful changes in resting metabolic rate. The small 
sample sizes do not allow for an evaluation of variables that may 
potentially moderate the metabolic response to smoking cessation. 

Summary of Mechanisms Literature 

Changes in dietary intake appear to be involved in weight gains 
after cessation of smoking or cessation of nicotine administration, 
Physical activity plays little or no role in the relationship between 
smoking and body weight. The data on metabolic contributions to 
poslcessalion weight gain are suggestive, but further research is 
needed. Unfortunately, much of the relevant human research 
literature is characterized by small sample sizes, short followup 
evaluations, and inadequate evaluations of energy balance following 
smoking cessation. To dale, only one investigation has comprehen¬ 
sively evaluated (i.e., simultaneous assessment of dietary intake, 
physical activity, and metabolic rate) energy balance changes as the 
result of smoking cessation. This was a sample of 13 sedentary 
females followed for 48 days (Stamford et al. 1986). Comprehensive, 
prospective evaluations of energy balonce changes in response to 
smoking cessation are needed. Additionally, no study has evaluated 
possible long-term changes.in dietary intake, physical activity, and 
metabolic rale as a result of smoking cessation. The longest followup 
period reported in the literature to date is 2 months (Dallosso and 
James 1984). Finally, evaluation of potential moderator variables of 
dietary intake, physical activity, and metabolic rule as the resuil of 
cessation is needed. Gender (Grunberg, Winders, Popp 1987; Klesges, 
Meyers et al. 1987), previous dieting history (Brownell et al. 1986; 
Hall, Ginsberg, Jone3 1986), pretest levels of lipoprotein lipase 
(Carney and Goldberg 1984), and the use of nicoLine polacrilex gum 
(Fagerstrom 1987) appear to be important variables influencing 
weight gum and need further investigation. 

435 


Source: https://www.industrydocuments.ucsf.edu/docs/lndlOOOO 



